Abstract: Road transport emission has been on continuous rise due to revolution in the automobile industry and public mobility demand. Emissions from motor vehicles have been one of the primary pollution sources in the metropolitan area of Delhi having a noticeable impact on ambient air quality. Volatile organic compounds, polycyclic aromatic hydrocarbons and carbonyl compounds are the major organic pollutants in urban environment. This objective of this study was to estimate the emission and concentration of Benzene, Total PAHs, and Total VOCs at 36 urban transport corridors of Delhi city. After analyzing the traffic scenario as well as toxic vehicular pollutants at all the transport corridor, the highest emission and concentration of Benzene, Total PAHs, and Total VOCs was found at ITO Bridge (3. 
Introduction
India is fast growing among the developing countries and the rapid urbanization and industrialization have resulted in the tremendous rise in population of Delhi, capital of India (Mishra et al., 2014) . The environmental impacts are particularly severe in urban environment due to high urban population, traffic density, gradual increase in number of motor vehicles, driving patterns and vehicle characteristics. This alarming trend was also recorded in the National Capital Region (NCR) of Gurugram. A recent study by the Pollution Control Board observed that in addition to the vehicular emissions, the construction activities, going on all over the city, also contribute to pollution levels. Land clearing, operation of diesel engines, demolition, burning, and working with toxic materials -all these activities generate high levels of dust (Rao, Times of India, 2013) . Air concentrations of a number of air pollutants in Delhi are much higher than levels recommended by the World Health Organization (Kandlikar and Ramachandran, 2000) . Small ambient particles can penetrate deeply into sensitive parts of the lungs and can cause or worsen respiratory disease, such as emphysema and bronchitis, and can aggravate existing heart disease, leading to increased hospital admissions and premature death (Drimal et al., 2010) . These particles and other shortlived radioactive forcing agents such as ozone also absorb and scatter solar radiation affect climate, weather (Marrapu et al., 2014) . This raises serious environmental concerns in terms of the fast growth of regional transport and housing sectors contributing to rapid growth of atmospheric pollutants which is backing an increase in air pollution (Chan et al., 2004; Elbir et al., 2004; Elbir et al., 2010; Guttikunda and Calori, 2013 ; Ministry of Finance (MoF), 2000; Mohan et al., 2007) . Delhi being the national capital is one of the centers of tourism, political, socio-economic and cultural activities of the country. The city also serves the purpose of a major center of trade and commerce and it homes the intersection point for five national highways and expressways, carrying huge volumes of heterogeneous passenger and freight traffic (Akimoto, 2003; Automotive Research Association of India, 2007; Central Pollution Control Board, 2010) . The development of cities is one of the major roles for the connectivity of road network (Ohara et al., 2007; OICA Correspondents Survey, 2010) . The vehicular traffic is recognized as one of the major sources of air pollution in Delhi exhibiting noticeable impact on air quality of the region (Gurjar et al., 2004; Garg et al., 2006; Goyal et al., 2006; Guttikunda and Calori, 2013) . These vehicular emissions are important because they account for a major share of VOC, NO x , and CO emissions. They provide the majority of the most photo chemically reactive anthropogenic VOCs, and these emissions are localized in urban areas, which account for the majority of the National Ambient Air Quality Standard (NA AQS) v iolations (Parrish, 2005) . Although there has been significant reduction in the concentration of PM 10 , SO 2 , sulfate aerosols and CO concentrations in Delhi due to metro rail operation and conversion of diesel/petrol based public vehicles to the ones driven by compressed natural gases (CNG) but the effect has been negated by a large increase in population of diesel-fueled cars (Narain and Krupnik, 2007) . Nearly 94 percent vehicles are privately owned (cars and two-wheelers), while public transport like buses are just 1 % of the total vehicular f leet (State of Environment Report for Delhi, 2010). With increase in city size, the traveling distance has become longer; the relative importance of walking and cycling has come down significantly (Ramachandra and Shwetmala, 2009 ). The traffic density, types of vehicles, poor road conditions etc., contribute as major sources for ambient air quality of environment (Kaushar et al., 2013) . Even though the anthropogenic emissions are independent of seasons, the impact is more during the winter season due to the confinement of aerosols added with insignificant removal mechanisms. Toward summer, as the land gets dry due to increased solar heating, the conditions become more conducive for picking up of dust from arid and semi-arid regions of central western India. The dust storm episodes produce enormous amount of coarse-mode natural aerosols causing substantial reduction in visibility and radiation f lux reaching the surface during summer (Gautam et al., 2010; Pandithurai et al., 2008; Prasad et al., 2007; Singh et al., 2006) . The Delhi aerosol is best represented by a combination of urban and desert aerosol ty pes which is the result of the coarse sand and dust particles being gradually added in already polluted (vehicular and industrial origin) atmosphere of Delhi (Singh et al., 2005) . PAHs and VOCs are of major health concern due to their highly toxic, carcinogenic and mutagenic properties (IARC, 1984) . PAHs and VOCs are mostly produced from incomplete combustion of biomass fuels and fossil fuels, and are almost entirely of anthropogenic origin (Seinfeld and Pandis, 1998) . Knowledge of ambient levels of PAHs and VOCs is necessary to evolve a proper strategy to control troposphere ozone build up and maintain healthy air quality, since VOCs have also been identified as reactive precursors in the atmosphere, leading to the formation of ozone and photochemical smog. Recent studies were conducted to determine the major sources of PAH and VOC in the ambient air of Delhi and the automobiles running on diesel fuel were found as a major contributor of PAH and gasoline fuel were considered as a prime source of VOCs. The toxic compounds with potential health impacts include volatile organic compounds (VOCs) like benzene, total VOC and total polycyclic aromatic hydrocarbons (PAHs). Current developments in engine design and fuel quality are expected to reduce these emissions in the future. In India, a number of such vehicles are plying on the road whose age is already exceeded 10 years and they are making a major contribution towards city pollution which leads to bad health effects. Keeping in mind the bad scenario of the capital city, Delhi Government has banned the 10-year-old vehicle inside Delhi city. Considering the complexity of the air quality problem in Delhi, the worsening air quality will have a profound influence on the environment. The simulations conducted for the year 2010 to 2030 for temperature vs. increase in concentrations of air pollutants showed that there would be a net increase in mean temperature at the surface by approximately 25 % (Marrapu, 2012 
Emission from Road Transport Corridor
The Box Model is used for the calculation of emission and Gaussian equation for concentration of the pollutant emitted from various vehicles (Fig. 2) . The ground level concentration of gaseous pollutants can be estimated by integration of (eq. 2) along the length of the line source. Source of emission at ground level, y= 0, z= 0 According to abovementioned, concentration is (eq. 3):
The concentration is calculated distance x=0.02 km far from the emission points, (Luhar & Patil 1986; Turner, 1994) .
Results and Discussions

Emission and Concentration
The estimation of concentration was based on the emission rate of pollutants from different category of vehicles at various transport corridors in Delhi (Keelor, 2011 
Benzene Emission
Benzene emission from transport sector in Delhi which was recorded maximum at I.T.O. Bridge (3.8 kg/day) followed by Nizamuddin Bridge and Punchkuin Road, whereas Auchandi Road and Old Gurgaon recorded minimum emissions respectively (below 1kg/day). As shown in the Figure  3 , the emission ranged from a peak value close to 4 kg/day to a minimum value near 0.015 kg/day recorded at I.T.O. Bridge and Auchandi Road stretches whereas most of the roads exhibited values in the range of 0.5 to 2 kg/day.
Fig. 3. Emissions vs. Concentration of Benzene at Different Transport Corridors
A long with the estimation of Benzene emission, the concentration of Benzene was also calculated at 36 various roads of Delhi megacity. From the study, 18 transport corridors were found in such a state, where the Benzene concentration was violating National Ambient Air Quality Standards (NA AQS) which is 5 µg/m 3 . The highest concentration was observed at I.T.O. Bridge (13.9 µg/m 3 ) followed by Nizamuddin Bridge, R ing Road, ISBT Flyover, Punchkuian Road, Minto Road, Mathura Road, New Rohtak Road, India Gate, Aurobindo Marg, Zakir Hussain Marg, JanakSetu, Netaji Subhash Marg, G.T. Shahdra Road, Najafgarh Road, Maa Anandmai Marg, Ring Road (Naraina) and Shankar Road (5.3 µg/m 3 ). The remaining corridors were found to be within the permissible limits.
Total Polycyclic Aromatic Hydrocarbons (PAHs)
Total PAHs emission from transport sector was also estimated at 36 road transport corridors of Delhi (Fig. 4) . Among all the corridors, the highest emission was found at ISBT flyover i.e. 86.22 kg/day, while as many as 4 transport corridors like I.T.O. Bridge, Wazirabad Road, Zakir Hussain Marg and Nizamudding Bridge closely followed ISBT flyover with respect to total PAHs emission. Several roads, namely, India Gate, Maa Anandmai Marg, Mathura Road, Minto Road, Punchkuin Road and Ring Road (Naraina) were reported emitting the similar values of total PAHs followed by remaining roads presenting emission values remaining in the range of 10 -40 kg/day.
As it is shown in the below figure, the emission ranged from a peak value slightly above 80 kg/day of total PAHs at ISBT flyover to a minimum value near 10 -12 kg/ day clocked at Patpadganj Road and Sansad Marg. Other roads reported values between 12 and 75 kg/day of PAHs emission.
Fig. 4. Emissions vs. Concentration of PAH at Different Transport Corridors
In addition to emission estimation, the trend of total PAHs concentration was also presented in above mentioned figure 4. From the figure, it is clear that the maximum concentration of total PAH was also reported for ISBT flyover (300.12 µg/m 
Total Volatile Organic Compounds (VOCs)
A long w it h above ment ioned tox ic pollutants, the emission of total volatile organic compounds was also estimated at selected corridors in Delhi and the highest VOCs was found at Nizamuddin Bridge (516.4 kg/day) closely followed by I. 
Fig. 5. Emissions vs. Concentration of VOCs at Different Transport Corridors
Conclusion
T he e s t i m at ion of t ra f f ic i nduced emission as well as concentration was perform to quantify the emission as well as concentration of benzene, total poly aromatic hydrocarbons and total volatile organic compounds at 36 major transport corridors of Delhi. The highest emission of benzene, total poly aromatic hydrocarbons and total volatile organic compounds was found at ITO Bridge (3.71 kg/day), ISBT Flyover (86.2 kg/day) and Nizamuddin Bridge (516.4 kg/day) respectively, whereas the minimum was observed at Auchandi Road, Sansad Marg and again Auchandi road correspondingly. On the other hand, the observations related to quantification of concentration showed that 18 transport corridors surpass the National Ambient Air Quality Standards for benzene. Like emission scenario of three toxic pollutants, the maximum concentrations of the same pollutants (benzene, total poly aromatic hydrocarbons and total volatile organic compounds) was found at ITO Bridge respectively, whereas the minimum was found at Auchandi Road, Sansad Marg and again Auchandi road correspondingly. A ll the 36 transpor t corr idors were found under higher concentration of toxic pollutants. The higher emission as well as concentration of benzene, total poly aromatic hydrocarbons and total volatile organic compounds at the above mentioned corridor may be due to higher traffic volume, higher percentage of heavy vehicles, presence of more traffic signals and stagnation of vehicles at f lyover for a long period of time during peak hours, traffic congestion etc. Keeping in mind the emission and concentration of above discussed toxic pollutants, special attention like integrative traffic management plan may be required to curb the pollution level.
